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13, Abstrie: (continued):

Alr/vacuum-drying, preceded by S0; treatment for diced apple or
interatage gas-sulfiting for cherries, is recommended. Diced
pepper can be prepared like cherries or by freeze-drying, but
with sulfiting optional and of less importance.
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FOREWORD

Cherries, apples and green bell peppers are usaed 1in .arge
quantities by military installations overseas. The use of
these products is required to prepare a varizty of ioocd products
for military consumption. Where these items can be shipped and
stored in the dehydrated form, there would accrue desirable
space, and economic savings.

However, problems were encountered relative to undesirable
changes during storage at elevated temperatures. Therefore, this
contract was awarded in order to determine the optimum processing
conditions for the production of dehydrated products which can
be restored to the predehydration characteristics upon rehydra-
tion, especially upon prolonged storage at elevated temperatures.

Mr. Robert L. LaBelle was the Frincipal Investigator and
pbr. Terry E. Acree the Collaborator in the research worx for
Cornell University. The U.S. Army Natick Laboratories Project
Officer was Dr. Abdul R. Rahman of Plant Products Division and
The Alternate Project Officer was Mr. Glenn Schafer of Plant
Products Division. The work was conducted under Project No.
728012.12, Production Engineering.
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ABSTRACT

Red tart cherries, diced green bell peppers, and diced
apple were dried in various ways with and without sulfite
treatment. Drying alternatives included short exposure to
ciisculating hot air (air-drying), intermediata exposure at
reduced temperature and pressure (vacuum-drying) and long ex-
posure to high vacuum in the frozen state (freeze-drying).
Sulfite treatment of these materials was accomplished by
dipping in an agueous solution of NaHSO, (1000-10,000 ppm) or
by tumbling in a mixture of SO, (2-4%) in air. The dried pro-
ducts were hermetically packagéd, in some cuses under nitrogen
or with desiccant, and stored for six months at -35 or +100°F.
Product quality was then evaluated in terms of moisture,
residual S0., color, odor or flavor, and rehydration charac-
teristics.

The most important consideration in keepiny quality was
moisture content. In-package desiccation was reqguired to
reduce two-stage, air/vacuum=-dried cherries or peppers to a
moisture level low enough (1-2%) that quality remained accept-
able in storage at 100°F. Sulfite trcatment and packing under
nitrogen were insufficient, separately or together, to provide
the necessary protection against browning reactions at higher
moisture. And only a slight improvement in guality was noted
in suliited products dried to the lower moisture, in which
condition even untreated controls were usually just about
acceptable. In-package desiccation was not sufficient to pro-
vide final drying for higher mecisture products prepared only
by air-drying and was mainly unnecessary for those properly
freeze-dried.

Air/vacuum-drying, preceded by SO, treatment for diced
apple or interstage gas-sulfiting for %herries, is recommeaded.
Diced pepper can be prepared like cherries or by freeze-drying,
but with sulfiting optional and of less importance.

vi




4.1 INTRODUCTION

The sulfiting and drying. of fruits and vegetables might
be characterized as an. 0ld art and a new science. Its practice
in many commercial applications has a long history, yet when
measured against military requirements and higher standards of
quality, the results have left something to be desired. This
is particularly true when extended storage under difficult
field conditions are intended.

Preservation from microbial spoilage presents no great
difficulty, although the mechanics of handling rather fragile
food materials and of moisture removal from diverse textures
and forms of tissues containing various soluble solids require
careful attention to equipment and operation. In that respect,
no two foods are alike, and their special characteristics must
always be taken into account. But what has become increasingly
important as food processing, and consumers, become more
sophisticated is that the organoleptic qualities of the fresh
product be reasonably maintained, not only through processing
but during storage as well. Otherwise, the reconstituted
product will little resemble the fresh product and will neither
be readily accepted nor consumed, thus defeating the purpose
of preservation.

It is mainly to this end that pretreatment with sulfur
dioxide in some form and manner was introduced, far more for
its ability to inhibit both enzymatic oxidations and various
non-enzymatic browning reactions than for its ancillary anti-
microbial action. But unfortunately, its use has often been
excessive, resulting in corrosion of containers and equipment
used to prepare the product for use, in carry-over of its own
disagreeable aftertaste into the food, and even in suspected
interference with nutritional wvalue. Procedures for applying
50, to the fresh product accurately enough to obtain the proper
amount to persist in the dried product through storage has
gradually been developed and improved since the first flush of
scientific development during World War II. The emphasis most
recently, especially in the face of greater controls over food
additives, has been in using just enough SO, to accomplish the
desired preservative effect. And this has fiecessarily required
that an accurate analysis of the content and chemical state of
the SO, can be made. It is to these two requirements that the
presen% study is devoted.

An added feature of this work, and one which in retrospect
has loomed quite large, is an attempt to deal with one of the
most difficult food materials, from the standpoints of the
mechanics of sulfiting and drying, and of storage stability -
the red tart (or pie) cherry. This/is not only a most fragile
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tissue wrapped in a relatively impervious skin, becoming even
more liable to physical damage as well as wet and sticky when
pitted, but has a delightful but very unstable red color. And
in the Montmorency variety mcst commonly processed, the amount
of anthocyanin pigment, contained only in a thin layer in the
skin, is very small, so that losses during processing and
storage are quickly apparent. Dehydrofreezing has only in the
last decade been adapted to this difficult product at this
laboratory, though not yet adopted conmercially. But with
this background it was thought possible to demonstrate some
improvements in dehydration methods for the red tart cherry,
never satisfactory in the past.
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PART I - SULFITE TREATMENTS, DRYING METHODS, AND STORAGE
COHDITIONS

4.4 EXPERIMENTAL PROCEDURE

In the procedures described here the well-developed pilot
plant facilities of the Department of Food Scicnce and Tech-
nology were utilized to prepare, sulfite, and dehydrate the
food materlalis under study. While the size of the cxperimental
lots was not large, ranging from 2 to 20 kg. the equipment
and techniques employed were sufficiently typical of commercial
methods to permit reasonable seale-vp. In several instanees
where some doubt exists on this point, attention is called to
the possible diserepancy.

4.21 Preparation cf the Fresh Produet -

a) Red tart cherries (var. Montmorency) werc harvested
by laboratory pcrsonnel at a neighboring commercial orchard
usually late in the afternoon. Aftcr a preliminaxy wash the
fruit was chilled in ice water and soaked overnight ut 35°F
to permit normal firming without sacrifice of red cclor. The
following morning the fruit was drained, divided into the
desired lot size, and storcd in ccld airxr until used later the
same day. The firmed cherries were sorted for defccts, pitted
in a laboratory-size pitter (Dunkley), and drained of frec
juice hefore culfite treatment or drying.

b} Green bell peppers (var. Calwonder - 1970 and Staddon
Select - 1971) were purchased ready harvested from eommercial
growers and stored for up to a month: at 35°F until used,
Peppers having red blush wecre either sorted out or, when
supply was short, trimmed of the eolored portion. A diced
fresh product was prepared by cutting the peppers in half by
hand, trimming away seeds and exccss pale-colored partition
bissue, and then cutting irn a diecing machine (Ursehel Model G)
to the desired 3/8" size pleeces.

¢) Apples (var. Monroe or Mutsu) were harvestcd from the
Experiment Station orchards and held at 35°F and 85-90%
humidity until used. Since most of the dried apple produets
were processed late in the season (larch - May) because of
the press of othcr work, this fruit was guite ripc, having a
bland flavor, tender texturc, and inercased permeability to
SO0.,. The apples were peeled and cored on standard four-head
madhinces (Pease; and trimmcd by hand as required. Overasize
coring knives were not ordinarily used, resulting in the
appearance of some ecarpcl tissue in the final product. The
pecled, coced, and trimmed fruit was then promptly eut in the
Urschel dieer to 3/8" diecs.
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4.22 Sulfite Treatment - The absorption of S0, on c¢r into "he

ket b e o 2

food pieces was accomplished by contacting thefi with an
agueous solution of SO, or of NaHSO,, or with a dilute mixture
of S0, gas in air. Difiping the pieges briefly in a sulfite
bath ﬁas been commonly used as an antioxidant pretreatment for
freezing, dehydrofreezing, or dehydration because of the ease
of controlling the solution concentration. On the other hand,
sulfuring fruit preliminary to drying has usually meant sub-
jecting the pieces to the fumes of burning sulfur over a
relatively long period of several hours with excessive pick-up
of S0,.

One of two methods was used 1o insure goeod eontact between
Eresn solution and the irdividnal pieces. The pieces were
enclosed in a stainless steel wire-mesh basket complete with
lid toc keep the pieces from floating out when immersed.

Moving the basket continuously up and down in the solution
during the desired treatment time renewed the sclution at the
piece surfaces and ensured good absorption of SO, by maintaining
the maximal driving force or concentration gradié&nt. Another
method used was to dump the pieces into the solution and gently
mix with a paddle to provide for good contact with fresh
solution and immersion of all pieces (since diced pepper and
apple both fleoat). In this case, abrupt termination of the
treatment for all pieces alike is accomplished by dumping the
mixture of pieces and sulfite solution through a wire-mesh
screen or basket (or the dryer tray itself) and catching the
used solution in another container for testing or reuse.
Ordinarily, three volumes cf solution (3x the weight of the
pieces to be sulfited, was used to ensure good contact and

t0 provide a suitable reservoir of sulfite ions.

The strength of the solution may be depleted by as much
as 10% during a single use because of the ready absorption of
the 80,. 1Its strength was measured both before and after by
titratIng an aligquot with standardized (0.1N) iodine solution
and expresscd as the mean cof the two determinations. Both
sulfite bath and piece temperatures wz=re ma ntained near 70°F -
nigh enough to give ready absorption and lew enough to prevent
excessive fuming. Solutions were not ordinarily reused
except for the second mid-drying treatment of the same lot.

Treatment of the food | eces with a gaseous mixture of
SO, in air was carried cut by procedures previously developed
in“this laboratory for apples. The pieces were contactnd
with the S0, mixture in a vacuum tumble dryexr (The Patterson-
Kelly Co., fnc., Modzl VD-1-B) operated at 4 rprl to provide
some but rot excessive mixing action that might cause abrasion
of the apple tissue or tearing of the pitted cherries. A




constant and copious metered flow of SO, and alr was maintalned
through the chamber during treatment. t was necessary to
meter in more SO, than desired as the effective treatment level
because of the r&pid absorption of SO, on the wet food pieces.
In addition, the chamber was prechargéd with a higher level

of S0, than desired before loading. The actual effective
level®was monitored by continuously sampling the outflow from
the chamber with a recording SO2 analyzer (Leeds & Northrup
Model 7802-D~A2). This equipmefit is shown in Fig. 4h.4.1.

The sulfited pieces were discharged directly onto the dryer
tray, after a short period (2 min) cf flushing ocut the chamber
with air alone. Because of this gradual decrease in treatment
level of SO, at the end of the treatment and the difficulty

in obtaining the desired level of S0, initially because of
rapid absorption, the treatment leve% could not be maintainred
cons tant; the actual =ffective level was taken as the average
calculated from the recvorded data as monitored by the SO
analyzer. Treatment temperature was maintained at 80°F %y a
flow of warm water through the ijacket of the tuwple dryer,
although initial piece temperature tended to he lower than

this because of evaporative cooling. The effective temperature
was probably closer to 70°F, as in the dip treatments.

Dipring treatment levels were varied between none (some-
times effected as a dip in plain water) and 10,000 ppm 50,
(see tables in Appendix). NaHSQ, was ordinarily used as the
source of sulfite ion, as this give a relatively non-fuming
solution that is more comfortable IZor the personnel to work
with. However, some lots were treated with an agueous
solution of S0.,, sometimes referred to as HZSO ;, or sulfurous
acid. Treatment levels with gaseous SO rangea up to 4%,
this being the highest that could be mofiitored successfully
with the 0-5% range of the S0, analvzer. In order to keep
experinental variables within"manageable limits, the tempera-
ture and duration of treatment were nct varied. The only
exception to this was that the standard times for treatment
with gaseous SO, were chosen as inversely proportional to
concentration according to the feollowing schedule:

% SO2 in air treatment dureation, min.

{less flushing

1 1
2
4

[P RN

-1/2

The standard duration of dipping treatments was 2 min,




4.23 Dehydration - The removal of moisture from the products
sufficient for preservation was accomplished in three different
dryers, or in combinations thereof. A recirculation cabinet
dryer was used to contact the products with flowing hot air,
and this is referred to as air-drying (code: AD). A vacuum
shelf dryer permitted the product to be heated in a moderate

(4 mm Hg) vacuum for the relatively slow removal of moisture

to lower levels, at lower product temperature, and with somewhat
less shrinking., A medium size freeze-dryer equipped with a
mechanical vacuum pump permitted food to be dried at high
vacuum {<100 nm, or .1l mm Hg) from the frozen state so that the
product pieces would retain their original shape without
shrinking and be dried at even lower average temperature.

a) The recirculation cabinet dryer was of custom design
with a chamber measuring 40" x 30" x 38" in which air could be
circulated through one or two banks of 18" x 30" trays having
1/16" perforated stainless bottoms or across as many as 36
12" x 30" trays having 1/8" stalnless mesh surfaces. Air heated
by contact with steam coils was circulated by a large variable-
speed blower and precisely regulated by automatic temperature
and humidity controllers. Drying was periodically interrupted
to remove the trays briefly for weighing and reorientation in
the drying chamber. In some cases the product was also mixed
and redistributed to permit more uniform drying and prevent
excessive sticking to the trays. (See Fig. 4A.4.2).

In crder to prevent product temperature from rising so
high during drying that color and flavor might be adversely
affected, air temperature was programmed downward as drying
progressed. In effect, the product is initially near the
wet-bulb temperature but finally approcaches that of the dry-
bulb. The programmed stepwise decrease in dryving temperature
used for slow-drying red tart cherries was as follows:

Drying time, min.
g = 15 IL§ =85 35 5 60 60 = 6 F0F

Dry-bulb temp. (t.),°F 225 210 190 170 150
Wet-bulb: temp. (tw),°F 1)L Lel.5 100 90 82

_ Under this regime cherry temperature remained in the range
140 - 160°F with little apparent thermal damage. On the other
hand, pepper and apple dices dried so much more rapidly that
much lower drying temperatures were necessary in order to
control the weight reduction. In the 1971 season all of the
peppers were dried at dry- and wet-bulb temperatures of 165
and Yu*F . L
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b) The vacuum shelf dryer (Blaw-Knox Model B3-4) had four
24" x 24" shelves heated by circulating hot water and was
connected to the main pilot-plant vacuum system comprised of a
triple steam jet capable of 4 mm Hg. The prcduct was distributed
on 24" x 12" dryer trays having either solid or 1/4" perforated
stainless bottoms and placed in the chamber so as to have a
heated shelf both above and below - a total of 12 sg. ft. of
surface. Because the tray bottoms could not be maintained
uniformily in contact with the shelves, all were raised l/4"
above the shelves on wooden dowels to prevent hot spots and
non-uriform drying. The lower rate of heat transfer that
resulted caused slower drying, but this could be partially
overcome by higher shelf teuperature. The temperatures of
several typlcal food pieces were monitored by welded copper-
Constantan thermocouples carefully inserted so as to be
surrounded by the tisgue. Pull-down to the final vacuum was
contrcelled by initially bleeding in air to¢ help sweep out the
early flush of moisture and to prevent bubbling or boilinrg
liguid out of the product that wouid aggravate sticking to the
tray surface. However, this was no problem when the vacuum-
dryer was being used on product previously dried in a first
stage in the air-dryer. But it did prove to be a problem that
could not be practically overcome with fresh cherries, limiting
vacuum-drying (Code: VD) in this prcduct to a second-stage
operation on already partly-dried product only. (See Fig.
48,,4.3) .,

¢} The freeze-dryer (Stckes Model 2004L3) had three 24"
X 36" shelives heated by circulating warm water. The product,
previously hard-frozen on 12" x 36" stainless trays at -35°F,
was transferred without delay to the thoroughly predried chamber,
and maximal vacuum was promptly impressed to maintain the pro-
duct in a frozen state., Drying times varied from 12-16 hr.
fcr diced pepper up to 64 hr for pitted cherries, during which
the wvacuum chamber pressure fell gradually from 200-400 to
<100 mm Hg ard the shelf temperature rose from 28°C to 35°_.
The relatively small capacity »f this unit and competition from
other uses limited the amount of freeze-dried (Code: FD)
material that cculd be prepared for this study, especially from
fresh cherries during the short season. (See Fig. 4A.4.4).

d) Difficulties with boiling of fresh cherries in the
vacuum dryer and the limited capacity of this equipment at
drying times of 1-16 hr prompted us to attempt two-stage drying
in which a large part of the moisture was first removed in the
air-dryer. The greatest freedom from sticking prcblems in
either dryer and the prevention of excessive oxidation of
color and flavor as well as excessive shrinkage of the product
led us to adopt a standard weight reduction of about 65% in the



alr dryer before transfer to the vacuum-dryer. This procedure
was termed air/vacuum drying (Code: AV).

e} These same considerations led us to some brief tests
on air/freeze drying with peppers, limited by zvailable time
and material and by difficulty in contrclling shrinkage with
any reasonable proportion of air-drying.

4.24 Packaging and Stcrage - Equally important as processing
conditions to the stability of product quality are the micro-
environment within the package and the macro-environment in

which the packa~e is stored. There is opportunity within a
hermetically sealed packacge to exclude air, or oxXygen, and to
retain any added antioxidants. At the szme time the low moisture
attained during drying can be maintained and even decreased
further in activity. The exterio>r environment can be con-
trolled principally from the standpoint of temperature.

The #2 (307 x 409) can was selected for packaging to
provide ready hermetic sealing as well as physical protection
for the rather fragile pieces of dried food. Each freshly-
éried lot was transferred without delay from the dryers to a
tightly closed polyethylene bag In a friction-top fruit can
and allowed to equilibrate at 35°F. In order to simplify
packaging technique and storage schedules, all lots were re-
tained at 35°F until the end of the season or period of
experimentation, packaged within a few days time, and placed
in storage on the same day.

Samples tco be stored under nitrogen were filled into #2
cans and promptly placed in a glove box (LABCONCO) in which the
partial pressure of oxygen had been reduced to 5-10 mm Hg
{about 1%) by prior flushing. To accompiish thig initial
flushing of the glove box most economically and quickly, two
large (24" diam.) balloons were first inflated with nitrogen
within them. Then, the residual volume of the chamker was
flushed by passing in nitrogen at one side and discharging
excess air and nitrogen on the other. This discharge pathed
the sensing element of a small oxygen analyzer (Beckman Model
777) in order to monitor the progress of the flushing. When
the oxygen level was reduced to 1% in the discharge (after
about 30 min), the flow was stopped, the chamber sealed, and
the balloons deflated, further reducing the oxygen level in
the chamber by dilution. (3ee Fig. 4A.4.5).

After tre open cans had remained in the nitrogen atmosphere
for several nours to equilibrate, they were ready for sealing.
Just prior to closing the cans, they were flushed briefly with
nitrogen by inserting a thin tube down to the bottom of the




can. A portable double-seamer (Automatic Canning Devices, Inc.
Model CY-1), enclosed in the glove box with the filled cans,
was used to close them with a hermetically sealed lid.

Drying of the product to very low levels (<1% moisture)
was accomplished in some storage samples by in-package
desiccation. Packets containing 20 g of calcined lime (Ca0Q)
in a permeable, heat-sealable paper (Multiform Desiccant
Products, Inc.) were placed in the can just before filling.

One or more packages, depending on product bulk density,
were placed in the two storages of most interest; at -35°F to
serve as controls and at 100°F - the usual military test
temperature for stored foods. A more straightforward control
sample might have been provided by analyzing the products
completely before storage. But since this was inconvenient in
the press of other seasonal work, and since it was assumed
that changes in the product held at -35°F would be negligible,
the control samples were analyzed after six month's storage
along with those under test. This also had the advantage of
permitting the controls and test samples to be evaluated
organoleptically side by side.

The several packaging and storage combinations used in
this study may be summarized as follows, along with the code
letter used to designate each more simply:

Without desiccant With desiccant

Packaged: in air in N2 in air in N2
Stored @ =-35°F - A - AR
Stored @ 100°F B C - D

4.25 Evaluation . of Dried Products - The final test of the
processing, packaging, and storing procedures used is, of
course, in the quality of the dried product. The laboratory
tests used in determining both their useful qualities and how
much moisture, 02, and SO, actually remained to affect the
product are discissed in is section.

, a) Bulk density is an important consideration in military
transport and storage. The greater the bulk density, the
more efficiently these services may be performed. Of the two
‘measures of bulk density - loose-pack and close-pack (1), the
latter is of most interest, since it can be determined more
precisely and, when the effort is made to achieve it, results

1) LaBelle, R. L. 1964. Bulk deqﬁity - a versatile measure
of food texture and bulk. Food Technol. 18:6, 89-94,
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in more compact =2nd efficient packaging. To measure it, a
rigid container of known volume is progressively filled by
pouring from another while gentlv tapping it on a firm surface.
The container should be of sufficient size that its diameter

is at least B8X tnat of the particulate product, such as
cherries or diced peppers, to avoid edge effect. The container
is filled level full either by striking with zig-zag strokes

of a straight edge acrcss the upper edge, or, in the case of
materials such as these in which one unit does not readily

slip over another, by distributing matrrial evenly over the

top surface so that no piece sticks up more than half its
diameter. The filled container 1s gilve.. a few final taps to
insure that settling is complete. The measurement should be
repeated two or three times with the same or different material,
depending on supply. The bulk density is calculated as mean
net weight divided by the volurme.

b; Determination cf the $0, content of dip solutions used
and residual 50, found in the suifited product before and after
storage is praz2i;énted in section 4.5.3.

c¢) Oxygen in the headspace of the #2 can of dried product
was determined after storage only. The O, analyzer was not
available when the cans were filled, and we assumed that the
initial level was the same as or lower than *hat indicated for
the glove box in which they were closed. The test can was
punctured in the rigid container headspace sampler (Precision
Equipment Co.) after evacuation of the system consisting of
sampler, measuring cell of the oxygen analyzer (beckman Model
E2), and two manometers. Gas from the can (interstitial rather
than headspace in these particulate dried products) expanded
into the cell where the partial pressure of O, was determined
by relative magnetic permeability and into th% manometer where
the final pressure of the expanded sample was read. This
pressure was useri to correct the apparcnt O, content back to
the approximately atmospheric pressure that“prevailed in the
can.

d) Moisture was determined by blending a 40-g sample of
the dried product with 200 ¢ of water and drying for 48 hr.
in a vacuum oven at 65°C to constant weight.

e) Reflected color of the products wias measured with
the Hunter Color and Color Difference Meter Model D25 using
the following standards for the three products involved:

L a b
cherries 26.1 26.2 12.3
peppers 51.6 STl o) 30.6
apples 85.3 - 5.4 22.4
10



£} The color, flavor or odor, and relative dryness c¢f dri~“
samples after storage was judged by the principal investigator
in consultation with one or more assistants soon after the cans
were opened. Samples from each packaging and storage condition
and from related sulfite and drying treatments were judged side-
by side in each sitting. Color was judged under & large daylight
lamp (Macheth Model 4C). A hedonic scale of 1-10 was used to
rate each factor, according to the descriptive terms shuwn 11
Section 4A.2 of the Appendix.

g} Rehydration was carcied out on samples sufficiently
large to provide the regujred amount for texture tests. DPrc-
ceslures used were similar to those worked out in this laboratory
after long experience (2). To a weighed amount of dried
materiual, in a graduated beaker, a proportional quantity of near-
boiling water was added. A nesting beaker was superimposea to
keep the often~-bouyant dried Zood completely immersed, and the
rehydrating sample was set aside to cool in ambient air. After
a predetermined period the bulk volume of the redhydrated sample
was measured by replacing hhe superimposed beaker with a per-
forated metal piston of known weight and noting the volume of
the food material (to * 5 ml) slightly compresssd against the
bottom of the beaker under load {(l.6 - 2.1 g/cm”) after 60 sec.

The sample was then drained on an 8-mesh screen tilted at
25° for 2 min to establish the drained weight. Since the pro-
duct had cooled b.uk to room temperature during the rehydration
period, there was no problem with evaporation loss during the
measurement, or low readings due to excessive draining of warm,
low-viscosity liquid. Since rehydration ratio is meaningless
or misleading without reference to the degqrze of dehyaration,
the results are expressed as % Recovery based on the weight of
material entering the dryer and taking into account the weight
reduction during drying. This i3 calculated as:

% Recovery = (1 ~ % W.R./10¢) (Drained Wt./sample wt.)

{(2) LaBeile, R. L. 1966. Proceedings of the Symposium, "Frontiers
in Food Research", Cornell Un rersity. Ithaca, N. Y. pp. 109-
114.
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The following parameters were used in rehydrating various
types of dried products:

Dried sample Hot water Rehydration

wt., g added, g period, hr.

Cherries:

air-dried 100 450 1o

air/vacuum dried 75 400 4

freeze-dried 50 350 1-1/2
Apples:

air-dried 20 200 2

freeze-dried 20 200 1

h) The texture of the rehydrated material was measured
as the resistance to compression and extrusion in a special cell
on an universal testing machine (Instron Model TTCM). & 150~
to 200~g sample of freshly-drained material at 75°F was placed
in a 10=-cm diameter cylinder and compressed with a piston
advancing at 10-20 cm/min and having both annular and axial
clearances of 4 mm. Texture was expressed as +*he mean maximal
force exerted, or the resistance to, compression and back-
extrucion through the annual clearance, as determined by
planimetry from the recorded trace.

12
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4.3 RESULTS AND DISCUSSION

4.31 Results with Red Tart Cherries in 1970 - As was pointed
out 1in the second progress report, the results obtained from
the experiments on cherry sulfiting and dehydration in 1970
were largely negative. None of the samples held at 100°F, nor
even at 75°F, sufficlently retained fresh color and flavor to
be satisfoctory, but oxidized rather badly. This was attri-
buted first to the failure to attain moistures lower than 4%
and second to negligibly low sulfite residuals (See Table 2.2}.
To overcome these deficiencies it was decided to turn, in the
following season, to in-package desiccation and to sulfite
treatments applied after partial drying to diminish the loss

of absorbed SO, during drying. Since the contrel samples held
at -35°F, and therefore representing the "as-freshly-dried"
condition, were of good guality, it was assumed that protection
was particularly needed during storage, rather than during
drying.

4.32 Sulfite Residuals in Cherries in 1971 - It should be
pointed out that the sulfite concentrations in the dipping
solutions turned out to be substantially below nominal, in

part because of a fallure to take into account the moisture

in the NaH50, crystals used. Hewever, in every case the actual
concentratiofi was determined before and after dip, and the
desired relative treatments were obtained, even though not at
the arbitrarily chosen levels.

Judging from the S0, residuals determined just after
treatment and befor~ any loss due to drying, absorption of SO.
by the fresh cherries was greater by dipping treatment than
by exposure to SO, gas, while just the opposite was true of
sulfite treatment after partial drying. This is particularly
fortunate and useful in that fresh pitted cherries are messy
to treat by gassing in otherwise dry equipment. While this is
to some extent true of partly dried cherries as well, it is a
step backward to rewet them by dipping. The surprisingly large
differences in absorption by these two modes of treatment, per-
haps depending on moisture in the product, is shown in Table
4.32.1 following:

13
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TABLE 4.32.1 RELATIVE ABSORPTION OF SO, {(ppm) BY PITTED
CHERRIES DURING PRETREATMENT OR TREATMENT AFTER
PARTIAYL, DRYING, BY EITHER DIPPING QR GASSING

sulfite dip Treatment with
@ 4,000 ppm 4% s0, in air
Pretreatment {5) 186 {4} 24
Treatment after
partial drying {8} 68 {11} 238

{Thne figures 1n parentheses are the number of lots from which
data were taken)

The extent to which absorption and retenticn of SO
followed the concentrations used in the treatments is shown
in Table 4.32.2. The relation between the actual treatment
concentrw.ions and the residuals (total S0,) found in the fruit
both directly after treatment and after drying {or further
drying) are shown for air-dried and air/wvacuum~dried cherries.
While thers was an expected tendency for diminishing returns
in 80., absorption as treatment level increased, the residuals
after“drying, which is the more important aspect, were more
than proportionately increased. This demonstrates the importance
of employing sufficiently strong treatment levels, lest it be
largely lost during drying.

It is particularly significant that treatment with 2% SO,
gas after partial drying was just as effective whether pre-
treatment at 4% was carried out or not (204 vs. 205 ppm).

This was not true of dipping the fruit in aqueous sulfite
solutions where treatment after partial drying alone provided
only slig. tly more than half the residual in the dried prcduct
{26 vs. 43 ppm) as when pretreatment at about the same level
was also effected. The greater absorption is evident right
after the second treatment (97 vs. 23 ppm).

14
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; TABLE 4.32.2 SULPITE RESIDUALS (TOTAL) IN RED TART CHERRIES
AS A FUNCTION OF MODE (dip or gas) AND LEVEL OF

; TREATMENT

E

t

¥

SO2 conc'n. in dip, ppm. No. of 302 residual in fruit, ppm.

Nominal Actue). lots Before drying Aftei drying

I) Dipping treatment before drying:

2,000 1,760 i 95 9

: 4,000 3,300, 2 185 26

i 3,260 3 . 43
¥

10,000 8,320 2 333 99

I1I) Dipping treatment efter partial drying:

2,000 1,950 1 2 5
4,000 2,830 4 23 16

2,850 3@ 97 -
7,000 6,080 3 70 32
10,000 10,260 1 113 84

III) Treatment with §0, gas:

Pretreatment @ 4%

(3.7%)° 4 24
Pretrealment @ 4% 112
+mid-drying treat-
ment @ 2% (l1l.8%) 4 205

Mid-drving treatment only:

e 28 (L.7%)° 4 204 122
8 3% (2.8%) 2 278 166
@ 4% (3.6%) 3 355 174

a) Both pretreatment + treatment at mid-drying
b) Actual % 802 in treatments

15




4,33 Headspace Oxvgen and the Role of Nitrogen-pack = The
relatively low levels (l%) of O, obtained during packaging were
retained and even reduced during storage of dried cherries in
hermetically-sealed cans (See Table 4A.3.18). Two observations
seem particularly significant te our results, In the first
place, even at low O, levels a considerable amount of browning
and off-flavor development occurred in samples held at 100°F.
Either the relatively large amount of gas contained within the
interstitial spaces of the dried product in these cans contained
sufficient O, even at the 1% level to cause oxidative damage,
or the observVed deterioration is only in part caused by oxida-
tion. The second point is that when larger amounts of 0, are
present, as in the samples ("D") not flushed with N,, thé
amount of 0, that disappears during storage is propdortional

to the mois%ure level and is reflected in the degree of product
color loss, as shown in Table 4.33 following.

TABLE 4.33 LOSS OF HEADSPACE O AED CHERRY COLOR RELATED TO
PRODUCT MOISTURE LE%EL

Moisture, Headspace Redness Brightness, CelB®E

% 02, % (Hunter a) (Hunter L) Rating
AD 16 o2 s 1l -1.6 15.0 1.3
AV SRS 17.5 7 wid L 546
FD 2.4 12.4 11.5 272442 6.4

a) "D" samples only.

Considerable importance has been attached to packaging
these dried products under N, (reduced 0, level) to afford some
protection from oxidation dufing high temperature or prolonged
storage. Comparison of the "C" and "D" packs, both of them
including in-package desiccation and hence'relatively low
moisture levels, provides some information on this point in the
present instance. But the data (Table 4A.3.34) show, para-
doxically, a slight tendency for better product color in the
freeze-dried "D" samples packed without N, flushing. This is
apparently true despite higher moistures Cccuring in these "D"
samples on the average. There is no difference in color be-
tween "C” and "D" packs of alr-dried or air/vacuum-dried
cherries. Apparently, this degree of N, flushing is not
effective in controlling color loss in QGried cherries within
this considerable range of moisture levels (1-16%) and at 100°F
storage temperature.

16




4.34 In-Package Desiccation - Inclusion of a 20-g packet of
Ca0 a8 a cesiccant in the "C" and "D" packs of cherries lowered
the moisture level by an average of 2.5%, slightly more in the
higher moisture products (AD and AV) and slightly less in
driest (FD), as shown in Table 4.34.

TABLE 4.34 EFFECT OF IN-PACKAGE DESICCATION ON FINAL MOISTURE
AND RELATIVE DRYNESS OF RED TART CHERRIES (1971 pack)

Mode of Without desiccant With desiccant
. drying A B av. € D av
Moisture, % AD 17.67 20.03 18.85 16.44 1l6.15 16.30
AV 6.02 7.41 6.72 3.81 3.94 3.88
FD 3.68 4.61 4.15 1.36 2.40 1.88
Relative

dryness: AD S6 3.2 4.4 5.9 5.8 5.8

AV 8.3 ShW, 7.0 545 9.6 9.5

FD 9.2 7.6 8.4 9.6 9.7 9.6

This reduction in product moisture makes no important difference
to the air-diied cherries as theyv are still far too wet to
store well. But it dropped the moisture level of the air/
vacuum-dried product by almost half (6.7 to 3.9%) to a level
just short of that (3%) generally considered adeguate. The
moisture in the freeze-dried cherries was reduced by more than
half to less than 2%, which is very good for this difficult-
to-dry product. The differences in moisture level among the
three different dried products and betweer those packaged

with and without desiccant were fairly accurately judged as
relative dryness {or crispness of texture), except at the

high end of the scale (9-10) where products at 4% moisture

or less are nearly completely crisp.

The higher moistures observed in cherries packed without
desiccant and stored at 100°F ("B") in comparison with the
control samples ("A") stored at -35°F may be due to the
formation of water in reactions involving oxidation of
E carbohydrates. Increases in moisture of 2.3, 1.4, and 1.0%

occurred in the three types of dried products under these
storage conditions, diminishing in proportion to their initial
moisture levels. However, the differences between the "C”
and "D" samples both including desiccant but packed with or
withcut N,, were small and probably not significant.
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4.35 Color vs. Moisture Level - In Figs. 4.35.1-3 the re-
lationships between cherry color, after storage under N, at
100°F for six months, and final moisture level (after désicca-
tion) is shown for air-dried and air/vacuum-dried products.
Data for the freeze-dried products are included only in the
graph of subjective color rating, where ratings are all reiative
within the product type. But the freeze-dried lots are
omitted from the plots orf Hunter a and L readings where their
unshrunken form dilutes their redness il relation to the
shrivelled chorries from air- and air/vacuum-dried products.
While the "D" samples are omitted to simplify the graphs,

they are very much like the "C" samples, falling in the same
area of the plot,

Color ratings of 7 or greater were scored only by thoue
products with moisture content of 3% or under, and 7 is
considered here the minimal acceptable rating. But the
probability of obtaining an acceptable product even at mois=-
tures less than 1% is not good, as two-thirds of these scored
less than 7 = the whole group of 15 lots averaging only about
6. Most AV and FD lots packed with desiccant scored in the
rage 5 = 7, which is not good enough. 8o, as far as storage
at 100°F goes, the results seem to be - as in the 1970 season -
largely negative. e have packed very few dried cherries
which will meet this rigorous storage requirement.

Objective color measurements tell much the same story.
Redness (Hunter a) increases sharply as moisture level is
reduced below 10%. Most AV lots were below 10% moisture
and most AD lots abcve. The reddest of the air/vacuum-dried
cherries, corresponding to color rating eof 6-7, had & readings
above 10. The L readings were somewhat more scattered, with
these corresponding to the best~colored cherries above 19,

4.36 Effect of Sulfite Treatment on Color Preservation -
Inspection of color data, both objective and subjective, reveals
very spotty evidence that sulfite treatment provides protection
and improvement during storage. Unfortunately, the levels of
80, remaining in the samples stored at 100°F had diminished
al%ost to zero, with little significance remaining. The c¢nly
consistent improvement, and the greatest residuals, is found

in lots treated with gaseous S0, and storad at -35°F among both
AD and AV lots. Each of these §roups of points in Figs.

4.36.1 & 2 shows an increase in both a and L readings for
sulfite residuals (total) after six-month's storage in the
range of 75-300 ppm. However, it is not clear whether this
protection was most effective during frozen storage (when we
have assumed that it is not necessary) or during drying. The
analytical schedule vsied does not permit this differentiation.

13
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4.37 Comparison of Drying Methods ~ The three modes of drying

used on cherries - alr-, air/vacuum~, and freeze~drying -

represent increasingly lengthy and expensive alternatives which

subject the fruit to progressively lower mean drring temperatures

that should better protect product color and flaver. Practical

drying rates are maintained at these lower product *emperatures

typical of vacuum- and freeze-drying by the applicaticn of

vacuum. When the product temperature remains belcew freezing .
during drying, the prevention of shrinkagec {collapse of cell

structure) becomes an added advantage in that rehydration
characteristics are improved. A documentation of these ]
differences in the present instance is shown in Table 4.37.1.

TABLE 4.37.1 COMPARISON OF DRYING METHODS - CHERRIES, 19'1'1a
Air/vacuum- Freeze-~
Air-dried __dried dried
Drying time, hr 6 10 36
Maximal product temp., °F 160 125 a5
Bulk density, kg/l.
Final moisture, % 15-20 339 1-4
Color: Hunter a 8-12 10-17 13-19
L 17-20 19-25 21-27
Subjective ratings:
cnior 1.3 4,2 5.4
odor 1 2.3 6.0
é Recovery (rehydration),$ 36.9 36.9 41.6
t Bulk volume {rehydrated),
F ml/g 1.67 1.86 2.21
; Texture (rehydrated), kg 85 70 63
}E a) B,C,D - lots stored at 100 only.

The drying times and maximal product temperatures shown
here are typical o7 good operation of the respective types of
equipment, representing a compromise between productivity and
product protection. Lower or higher product temperatures could

E have been realized, which would have correspondingly altered
the drying times. This would have also changed the parameters

s ot
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of product quality presented here for better or worse, respec-
tively. Ranges are given for final moisture and objective

color to show the overlap experienced between drying methods;
nmedian values could be used as typical here, or means calculated
from data given in the Appendix. Subjective ratings of color
and odor are averaged for samples stored at 100°F only, since
there was little difference among the frozen controls. As
indicated by ratings close to the bottom of the scale (1)},

the air-dri=d samples held at this high storage temperature

were very baa indeed.

e n-m“‘lm

Rehydration of these three types of dried products showed
somewhat less dramatic differences. The recovery of rehydrated
weight, based on fresh product entering the dryer, was low
(36-42%) for all of the products, including freeze-dried.

This value depends very much on the method of rchydration, but
the one employed here seems reasonably practical. In the

most usual use of red tart cherries - a pie~filling - the
plumpness, or volume occupied by the fruit is even more impor-
tant than the drained weight. The bulk volume measurement
used here shows that the less shrinkage noted (lower bulk
density) in the dried fruit due to the less harsh drying milieu
encountered in vacuum- and freeze-drying was carried over into
the rehydrested product, wherein air/vacuum-dried cherries pro-
vide greater bulk volume (1.86 ml/gy) thanr air-dried (1.67),

and the freeze-dried cherries greater yet (2.21). As usual,
the textur= of rehydrated material depends on the degree of
rehydration, ard we find the resistance to compression and
extrusion, measured with the Instron universal testing machine,
varying inversely with recovery and bulk volume from 85 kg

for the slightly tough air-dried fruit down to 63 kg for the
more tender freeze-dried material.

1
E

In Table 4.37.2 data on the retention of SO, after drying
and after storage are given for each drying moda"and most
sulfite treatments., Completely comparable sulfite treatments
are not available, but air-drying is first compared to freeze-
drying and in part to air/vacuum-drying for similar dip pre-
treatments and then to the latter for egual dipping and gas
treatments. As expected, more than twice as much SC., was
retained during freeze-drying, despite the lower moiSture
1 attained. However, the results are not sn clear-cut when
¥ comparing air/vacuum-drying with 2ir-drying. Air/vacuum-drying
retained slightly more SO, from dipping treatmcnts but less -
and more consistently so = from gas treatments. NoO reason
for this turnabout can be suggested.

25
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TABLE 4.37.2 CCMPARISON OF DRYING METHODS WITH RESPECT 70O WON {total) REMAININMG IN CHERRIES

AFTER DRYING AND AFTER STORAGE, 1971

mOM Treatmeat, ppm mON Residual after drying, moN Residual after storage,
i ppm ppm
{Pre-drying/Mid-drying) AD AV FD AD __Av FD

Nip treatments:

2000/ - 9 na na,38 15 23 42,36
4000/ - 29,23 = 20,30 29 -
5000/ - = 86 ,87,91 - - 82,86,86

10,000/ - 78,120 - 75,108 36 -

Av. PrS 52 - 76 50 2 67
4000/40G0 36,42 na,5l - 41,40 30,56 -
- /4000 5,11 8,15 - 6,7 14,8 =
- /7000 30,35 na,73 - 36,(3122) 40,36 -
Av.P 26 45 5 28 31 -
Gas treatments:

4% / 2% 125,129 88,104 = 116,118 81,124 =
-/ 2% 162,132 wH~How. - 141,151 93,119 -
-/ 3% 203 128 - 242 150 -
-/ 43 238,- 156,128 - 289, - 166,210 =

b<.v 175 114 - 192 134 -

a) "A" storage samples only (@ —-35°F)
b) Missing or questionable data supplied to provide comparable averages
c) Averages not strictly comparable, but illustrative.
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4.41 Results with Green Bell Peppers in 1970 - A wide range
0f results was obtained in the drying of peppers during the
1970 season (see Table 4A.3.56), but in no case was good
quality retained throughout six-month's storage at 100°F.,
Apparently, excessively high moistures and, except in lots

FD 13-15, very low sulfite residuals were contributing factors.
The normal green color, retained very well at -35°F or even

at 75°F in many cases, was variously tinged with brown in
products stored at 100°F. Hay-like, and even in extreme cases
tobacco-like, odors replaced or overshadowed the characteristic
and desirable green pepper odor as a result of severe drying
or storage conditions.

Only minor differences were noted in the uptake of SO
over sulrite pretreatment times of 2 - 8 min and concentra%ions
of 2,009 and 4,000 ppm SO, in lots FD07-09 and FD13-15. How-
ever, when the sulfite so%ution was made up with NaHSO,, in
place of disseclving SO, gas in water to give H.S0O,, and to
twice the level of sul%ite ion employed with the iatter to
compensate roughly for the difference in activity due to pH,
greater SO, residual and consequently better protection of
color were obtained.

An attempt to retreat the product after freeze-drying
with gaseous SO, in lots FD20-21, as with cherries, proved
ineffective. THe pick—-up of 802 by the dry material was not
sufficient to protect against oXidation. Both color and odor
were adversely affected as before.

A slight improvement in the air-dried product was noted
when high drying temperature was avoided, rather than merely
programmed downward during the course of drying. In this
respect, a constant temperature of 150°F proved slightly
better than 170°F, as in lots AD02 & 03. However, use of the
lower drying temperature jncreased the drying time from 95 to
145 min. Sulfite pretreatment was scmewhat effective in
maintaining color stability in the air-dried product during
storage, even though the residual (10-30 ppm) was low.

One lot, VD05, that was entirely vacuum-dried with a
shelf temperature of 180°F and a final product temperature of
120°F had nearly as good a color as a freeze-dried product,
even without pretreatment. The low level of oxygen present
during vacuum drying is probably a factor in this. Products
given a preliminary air-drying to 80 - 90% weight reduction
to shorten dryiny time gave products inferior in color arn:
odor to that wholly vacuum-dried. This result emphasizes tiLe
fact that air-drying differs from vacuum-drying on two ingor-
tant counts - contact with higher levels of ouygen and at




higher ambient and product temperatures. The longer drying

time required in vacuum-drying is apparently not harmful since

the exposure is at low partial pressure of oxygen (1 mm Hg,

?r 1{153t? of armospheric) and low-to-moderate temperature
50=150°F) .

4.42 Results with Green Bell Peppers in 1971 - Diced pepper,
with and without sulfite pretreatment or interstage treatment,
were air-, air/vacuum-, vacuum-, or freeze-dried. Samples
were stored under nitrogen at -35 or 100°F with and without
desiccant and evaluated for product gquality. The data are
shown in tables 4A.3.47-55 of the Appendix.

Pretreatment by dipping in 4000 ppm S0, {as NaHSO,) gave
greater total sulfite after air-drying and storage (ZSi ppm}
than did the same concentration of dip as H,SO, (80 ppm),
comparing the samples of greatest interest - "8" {packayed
with desiccant and stored at 1006°F). Air/vacuum-drying with
an interstage dip in 4000 ppm SO, (again as NaHSO,) resulted
in an even greater residual (373"ppm). PBut the h%ghest
residuals (403-526 ppm) realized in interstage treatment
during air/vacuum-drying were obtained by gas treatment with
4% 802.

The only effect noted from varying intermediate weight
reduction in air/vacuum-drying was an increase in bulk density
when the air-drying stage was prolonged. This was true
whether accompanied by interstage treatment with gaseous 802
or not.,

In Table: 4A.3.49 and 54 the more negative values of a
indicate & graenex color, and positive values of a, a decided
degree of browning. In this respect, dipping pretreatrment in
NaHSO3 before air drying was somewhat more effective (a =
-6.8)“than none {(a = =5.4) or than the same level of treatment
in H 503 (a = -3.6). In protectinj color during subsequent
storgge. However, there was no differerce in brightness (L)
between the treated and untreated. Packaging the diced
pepper with desiccant helped dramatically in preserving green
color in both air-dried (a = -4.6 vs. +1.2} and air/vacuum-
dried (a = =4.1 vs. +2.0) products during the 100°F storage.
The colors were also brighter on the average in both air-
dried (L = 31.3 ws. 28.8) and air/vacuum-dried (L = 27.9 vs.
25,3) peppers.

According to objective color measurements, the air-dried
peppers were both greener and brighter than those alr/vacuum-
dried. This is surprising in view of the higher SO, residual
in the latter. The air-dried product also had a sofiewhat
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lower bulk density (.187 vs. .237 kg/l.), indicating slightly
less shrinkage - also unexpected. Howezver, diced pepper that
was solely vacuum-dried had lower bulk density (.150 kg/l.)
than either. The reason for the greater shrinkage and there-
fore higher bulk density in the air/vacuum-dried product is
not known.

It is especially impcrtant to note that air-dried and air/
vacuum-dried peppers held in frozen storage as controls had
generally normal and acceptable color and odor, whether
treated with sulfite or not. Moreover, sulfite treatment, at
least at these levels, was ineffective in preventing deteriora-
tion of the dried products at 100°F in the absence of in-
package desiccation. The levels of SO, remaining after six-
month's storage @ 100°F were too low (220 ppm} tc be useful
in this regard. Dried peppers packaged with desiccant, how-
evey, were another story. BSulfite was retained almost as
well as in frozen storage, as was product guality. There was
a slight difference in keeping gquality =mong AD-, AV-, and VD-
lots between these two storages, depending on whether sulfite
treatinent was given or not, and this is best exemplified by
the sensitive a values:

Samples stored with desiccant @

85 ROy S Difference
Average of 10 untreated lots =I5%d -4.6 -
Average of 6 lots treated
with 50, (NaHSO3) -6.0 <5.'8 .2

Free sulfite residual probably remained high enough (401
ppm} in lots VD04, pretreated with 4000 ppm 50, (as NaHSO,)
and packaged with desiccant, to be effective ifi helping t
preserve product quality; but even untreated vacuum-dried
pepper remained acceptablc after storage when packaged with
desiccant. However, sulfite residual in the pretrrated product
packed without desiccant was only 35 pnm, and color and odor
deteriorated below acceptable levcls.

In freeze-dried peppers sulfite treatment was partially
effective against browning during storage at 100°F. Scme
improvement in both a and L readings was noted in lots FD04-9,
which were subjected to NaHSO,-dip, although the corresponding
increase in subjective rating of color and odor was marginal.
No treated lots remained acceptable at 100°F regardless of
treatment unless packaged with desiccant. The average a-
reading (greenness) improved from -5.9 to ~10.3 in frezze-dried
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peppers stored at 100°F when packed with desiccant, while the
L-reading (brightness) increased from47.1 to 48.4. Both
parameters of color were in this instance about equal to those
observed in products stored frozen, as noted in the other
dried peppers. Subjective ratings of color and odor were
slightly lower, but acceptable.

Again, dipping in H0.SO, (see FD03) resulted in relatively
poor color and odor, alb&it at low concentration of SO
(1000 ppm). And a 5-min treatment of the already drieé pro-
duct with 4% S0, gas in air apparently resulted in very little
absorption, judding from the low residual - only 70 ppm total
S0, after frozen storage and a negligible amount after storage
at”100°F without desiccant. The protection obtained from
these treatments was nil.

In every case, the expected advantage to be derived from
sulfite treatment at these low but practical levels has been
absent or small. The inescapable conclusion is that, in
dried pepper as in dried cherries, low moisture content - as
determined by in-package desiccation, is much more important
to keeping quality than is sulfite level.

The effect of dip time and concentration on sulfite
residual is demonstrated by lots FD04-9, Although there is
some unexplained discrepancy between residuals found before
and after storage, as experienced elsewhere in this study,
the relative pick-up can be assessed from the average residual
in samples stored frozen, with or without desiccant, as shown
in Fig. 4.42, The response to greater dip concentration in
terms of S50, residual after frozen storage, is linear for
both 2- and™5-min dips times. However, the increased absorp-
tion of S0, obtained from prolonging the dip from 2 to 5 min
is much leSs than proportional This clearly show that
hlgher concentration is more effective than longer dlp time
in increasing the SO2 residual in diced pepper.

4.51 Results Obtained with Dried Apples (1970) - The dehydra-
tion of 47 lots of apples was carried out during the 1970
season, using the newly introduced processing variety, Mutsu -
a yellow-green apple with processing quality midway between
the two standard sorts, Rhode Island Greening and Golden
Delicious. Peeled apples were either sliced radially into

16 wedge slices per apple or cut into 3/8" dices. In either
case the freshly cut product was passed over a 5/16"

vibratory screen to provide a more uniform size distribution
for drving. The pieces were treated to control browning

both at the surface and also in the piece centers where,
during air-drying, product temperature .could rise into the
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Fig. 4.42 S0, Residual after Frozen Storage as a Function of Treatment.
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critical range just below that necessarv to inactivate the
polyphenolase. Pretreatment was carried out by dipping the
freshly cut product for from 2 to 5 min in 3 volumes of
solution, variously 1 - 3% NaCl or 1,000 = 3,000 ppm SO,,
usually as NaHS0,. These variables along with the flnaz
percent weicht r%duction are listed in Table 4A.3,57.

Threatment with NaCl was investigated as an alternative
to SO, when it was noted that a practical, if not complete,
level®ci control of browning was obtained in the usable
range 1 - 3%. Above this level the residual might be cxcessive
from the standpoint of flavor. 7This treatment provided a
toughening of the slice surface, instead of softening, which
was in marked contrast to the usual effect of SO,. Since the
Mutsu variety undergoes browning only at a modergte rate,
relative tc many processing varieties, and since the processing
was carried out very late in the season (March-April),
conditions were such as to favor this particular substitution
of enzyme-inhibiting chemical additive. It is fairly certain
that the substitution of NaCl for SO, would not be appropriate
for the R,TI, Greening or Northern Spﬁ - both rapid-browning
varieties - in early-season processing, except perhaps at
higher levels.

Typically, tac browning was eliminated by the lower levels
of treatment less readily at the center of the pieces than at
the surface, and in the fibreovascular bundles near the core
tissue less readily than elsewhere. Control of browning was
more easily achicved in the smaller pieces such as the 3/8°
dices as against the more bulky slices.

Finally, the inhibiting effect of SO, was more persistent
than that of NaCl, as was particularly no%iceable during re-
hydration. Apple pleces trecated with NaCl could be rehydrated
to a light-colored product in a hot rehydration where the
dried picces were guickly elevated to a temperature (180°F)
sufficientlv high to inactivate the enzyme system thermally.
But the marginal enzyme inhibition that NaCi provides could
not be relied upon to prevent browning during a cold rehydra-
tion. This is due to incomplete penetration of the NaCl to
the piece centers - even small pieces, to a degree cf damage
caused by shrinkage throughout:the tigsue rather than merely
at the cut surface prior to drying, and to dilution of the
inhipiting chemilcal even at the piece surface during rehydra-
tion. We had noted this same ecffect in earlier work on the
dehydrofrozen apple pieces. An individually gquick frozen
product, such as wec obtained by freezing the product right on
the dryer trays, was a distinct advantage during rehydration
in obtaining a quick thermal inactivation within a minute or
so of removing the pieces from a sub-freczing environment,
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Product bulk densities noted in Table 4A.3.57 indicate
a slight packaging economy for dices over slices in that they
provide a greater weight of product in a given volume, The
bulk densities of the zir- or vacuum-dried products (.14 -
.28 kg/l.) were 3 to 4X as great as freeze-dried (.06 - 0.9
kg/l.). Since the more dense and shrunken product has a
lesser rehydration capacity, this may not be an overall
advantage, particularly if the freeze~dried product could be
compressed without injury. The dried apple dices and slices
were rehydrated by two different methods - one cold and the
other hot, in recognition that either might be used in
practice. In the first, 20 g of dried apple:s was rehvdrated
with 10 parts of water at 70°F for 1-1/2 hrs {(freeze-dried
product) or 4 hr {air-dried) in 400-ml heakers. In the hot
method the same proportion of 190°F water was added and the
mixture allowed to stand and cool for one or two hr,
respectively.

Surface evosion, or sloughing, in a hot-rehydrated apple
sample was determined by first mechanically shaking it with
its rehydration liguid diluted to a total volume of one 1.

An Eberbach shaker operated at 100 rpm for 30 sec was used
for this. After pouring off the liguid and suspended solids
into s sedimentation cone, the eroded material was read after
60 min as the volume of sadiment in ml.

The effect of treatment level (with NaCl or NaHSO,} ard
mode of drying (air- or freeze-dried) on rehydration char-
acteristics is shown in Table 4.51, averaging data frcm sliced
and diced product and from both rehydrations. The relative
toughening effect of treatment with NaCl vs. the usual
softening effect of sulfite treatment is clearly seen in terms
of firmer texture, less sloughing, and slightly greater bulk
volume. The freeze-dried products rehydrated more completely
while maintaining greater bulk volume, but at the expense of
sof Ler texture and greater sloughing. Finally, there is a
noticeable trend - though undoubtedly lacking in statistical
significance in these limited rehydration tests - for higher
treatment levels of NaCl to firm the tissue progressively
more, and for 50, to soften it. Otherwise, no consistent
effects arising %rom treatment level of either were observed.
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TABLE 4.51 EFFECT OF TREATMEZNT LEVEL (WITH NaCl or NaHSO.,) ON
REHYDRATION CHARACTERISTICS OF AIR- AND FREEZE-
DRIED APPLE PIECES (1970 Pack)

TREATMENT I % NaCl: o 2 3
Bulk Volume, ml:® air-dried 153 152 158
treeze-dried 209 200 206
Sedimentation, ml:® air-dried 13 Tk 12
freeze~dried 13 12 12
Texture, kg: air~-dried 54 70 75
freeze~-dried 20 20 25
Rehydration, %: air-dried " 59 59 59
freeze~dried 84 83 83
IREATMENT II npm SO, (as NaHSO,) 1,000 2,000 3,000
Bulk Volume, ml: air-dried 146 147 154
freeze-~-dried 196 192 199
Sedimentation, ml: air-dried 19 17 18
freeze~dried 20 32 30
Texture, kg: air-dr.ed 38 38 35
freeze~-dried 21 12 16
Rehydratien, %: air-dried 62 60 58
freeze~-dried 82 84 82

a) Volumes obtained from the rehydration of 20-g samples of
dried apples.

g
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4.52 Results with Dried Apple Pieces (1971 Pack) - The specia
emphasis placed on the sulfiting and drying of red tart cherries
in 1971 did not permit a continuation of the similar work on
apple, begun in the prcvious season. In lieu of this, some
samples of air-dried apple dices (code: 71NAP-) produced in a
concurrent study of drying rate were provided as examples of
the type of product, acceptable in mecst respects, available
using current technology. Some of these samples (AV01-05)
were further vacuum-dried from the intermediat< moisture

stage (18-25%) to the lower lcvels (2-5%) at which the desired
storage stability might be expected.

In these cxperimental lots the new variety Mutsu, vell-
ripened Tor several months in c¢e¢ld storage, was cut into 174",
3/8", and 1/2" dices, screened, and pretreated with 1500 cr
3000 ppm of S0, (NaHSO,) for 3 min at 70°F. The laightly
sulfited dices“were thén air-dried, typically in two stages;
first to 65% welght reduction at 200°F, followed by equilibra-
tion for 24 hr, and then to 86% wcight reduction at 180°F.

Due to a pick-up of moisture during pretreatment, this degree
of weight reduction had been found to provide a moisture level
about egqual to the commerical dried apple (24%). This depended
on the dice size, however, and the smaller 1/4" dices, having
a greater surface~to-mass ratio and smaller interstitial
spaces, picked up considerably more moisture and gave a wetter
product (29%) at the same weight reduction. Other effacts
noted were the longer drying time reguired and less uniform
drying experienced when a between-stages equilibration was

not practiced, and the slower finish drying experienced with
the larger l/2" pieces. Data on these lots are given in

Table 4A.3.58. None of these samples were subjected to
storage tests since termination of the project would have
intervened.
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4.6 CONCLUSIONS AND RECOMMENDATIONS

4.61 Red Tart Cherries - The best quality of dried cherry is
still obtained by freegze-drying, but the most practical
(economical) method may be a combination of air- and vacuum-
drying. In this two-stage process 75% of the moisture removal
(or weight reduction) is accomplished rapidly (60-90 min) -

and economically in circulating hot air. Dry-bulb temperature
shoud be programmed downward during the course of drying to
prevent product temperature from rising so high as to invite
thermal degradation of color and oxidation of flavor. Mixing
of the bed of cherries is necessary during drying to prevent
sticking to trays or apron. This is most easily accomplished
in a continuous dryer composed of a cascading series of belts,
each one feeding onto the next, although admittedly more
expensive construction than a single belt.

The partially dried fruit, reduced in bulk about in pro-
portion to weight reduction, is then transferred to the second
stage of drying - in a vacuum shelf dryer. Here under reduced
pressure of about 1 mm Hg and heated by radiation from closely
spaced shelves (also subject to a schedule of decreasing
temperature as dryving progresses), the cherries may be dried
to about 3-4% moisture in B hr additional. The product must
then be bin-dried in desiccated air to lower moisture (1-2%)
or packaged with sufficient desiccant to accomplish this
important final stage of drying.

‘during the interstage transfer from one dryer to the other,

in the case of air/vacuum-drying. This avoids flushing away

a greater part of the S0, originally absorbed with the hot air
circulating through the %ruit during the initial stage of
drying. Also, to avoid rewetting and leaching soluble solids
from the product at this stage, gas-sulfiting with a mixture
of 2 - 5% SO, in air for up to 10 min is recommended, rather
than dipping“the partially dried fruit in an agueous sulfite
solution. : :

[ If the cherries are to be sulfited, this should be done

For freeze-drying, a conventional sulfite dip of the
freshly-pitted cherries before preliminary freezing may give
some slight improvement over an untreated product, though much
of the absorbed SO, will be lost during prgolonged exposure
to vacuum, even at” low temperature. For neither freeze-dried
nor air/vacuum-dried cherries is it practical to sulfite the
dry product just before packaging, as the pick-up of 50, by
absorption or adsorption is apparently very slight in the
absence of surface moisture.
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Packaging under nitrogen 1s advisable o reduce the
oxidation potential 1in the package, even though we were unable
to demonstrate any great benefit from this procedure. But
the removal of O, from the package is no substitute for low
moisture level, Which remains the most important factor in
maintaining guality at elevated storage temperature.

In the red tart cherry we are dealing with a fruit having
only a moderate amount of anthocyanin pigment, localized in
a thin skin and susceptible to ready destruction. This limits
its stability under the severe conditions of the usual stor-
age test - six months at 100°F. The relative lack of success
in this study in protecting cecler in the dried cherry during
such storage suggests that this product cannot reasonably
be made adaptable to aiverse storage conditions, whether of
high temperature or long duration. Indeed, it would be wise
to keep such a sensitive product in refrigerated or at least
cool storage. While higher levels of residual S0, can be
_ imparted to the packaged product by stronger or lOnger
r sulfite treatment, this is likely to result 1n some irrevers-
I ible bleaching of red color and a distasteful residual in the
product as prepared for eating.

The application of food coloring during processing or
utilization might alleviate the loss of red color during
storage, but it would merely serve to mask to the eye, but
not to the palate, other undesirable changes. A better
alternative might be the selection of a cherry variety having
a greater amount of natural pigment so that losses through
degradation or bleachinc would be relatively less serious,
though the same ¢bjection regarding flavor changes might be
. valid. The most promising wvariety of this type, found 1in
; limited tests conducted at Geneva, is Olivet. This 1s
reputedly a Duke type, naving medium red flesh, but otherwise -
3 unlike most darker red-fleshed Morello types - possessing
5 the desirable flavor and firmness of the Montmorency.

3 4.62 Green Bell Peppers - Somewhat similar results were

: observad in the dehydration of peppers as in cherries, except
that the technical problems wer: not so difficult, The cut
- surfaces of diced pepper do not bleed juice so readily as the
4 pitted cherry, but do absorb S0, and give up moisture more
readily than the waxy cherry skIn. The smaller piece size
obtainable by dicing is also an aid to rapid diffusion of
both 50, and moisture between center and exterior of the
pieces.” Drying time, in particular, was much shorter,
despite higher initial moisture content (24%) of this low-
solids material. Actually, the high sugar content of tne
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cherry interferes with the final stage of drying by reducing
the equilibrium vaper pressure of water at the drying surface
as the soluble sclids become concentrated (3).

Again we find that adverse stcrage conditions rather
than exposure to moderate drying conditions are the chief
cause of detericoration in color and flaver, although avoid-
ance of high product temperature during drying is still
advisable. Pretreatment with SO, was only slightly more
effective than no treatment in pFotecting the quality of
dried pepper in the low moisture product obtained by in-
package desiccation., Moreover, in the same 100°F storage

i cests sulfiting was ineffective in preventing deterioration
4 in a higher moisture product. Greater residual S0, could

H have been imparted by stronger sulfite treatment (28000 ppm) ,
and this might have been more effective. However, as with

2 eherries, the emphasis should be on reducing product moisture
1 to low levels to insure preservation of gquality under

5 adverse storage conditions.

E Becuuse of the rapid drying obtained with diced pepper,

; making possible a more economical lé-hr drying cycle, freeze-
drying may be the procedure of choice with this product.
i Since it is used in small amounts, mcre like a condiment
than a major ingredient, the extra processing cost entailed
in freeze-drying would not figure so heavily in the coverall
1 eost of a ratiun., On the other hand, the more complete re-
constitution cobtainable with a freeze-dried material may be
less important in such a product, so that the shrinkage
encountered in air - or air/vacuum-drying is less a disad-

vantage than in cherry or apple where recovery of bulk is
desirable.

.
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4,63 Apple - Less study was devoted to dried apple due to

: the limited time available and the lower degree of difficulty
3 encountered witnh this product. Since apple is an inexpensive
raw product (3¢/1b), freeze-drying is even less an economical
alternative than with eherries or peppers. Like the latter,
the extensive cut surface of diced apple permits ready
absorption of SO, and rapid drying, but loss of sclids and
stickiness cf thé product are greater problems, more like
cherry. In addition, when enzymatic browning occurs very
rapidiy, especially when the apple tissue is heated moderately
as 1n the early stages of drying. Thereiore, the protective
action of 502 is required from the moment the product is

R e g Bt
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{3} LaBelle, R. L. 1966. Effert ¢f sugar coating on drying
rate. (Unpublished paper presented at the 2nd Internaticnal
Congress cf Food Snience & Technology, (Warsaw).
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cut, as well as on through dehtdration, storage, and re-
constitution., When heated ciightly (<150°F) or rehydrated
slowly, browning will occur throughout the tissue and not
just at the cut surface, so complete penetration of SO, is
necsssary. B

Some limited success was obtained by treatment with weak
(3%) solutions of NaCl, but the product was slightly, if not
seriously off-color. Penetration of the antioxidant 1s much
less rapid or complete than with S0,, resulting in light brown
piece centers. Reconstitution, in %his case, would have to be
accomparied by rapid heating sufficient to inactivate the
enzvme system (180°F) and prevent a belated browning reaction.

Apple dices were readily sulfited by either dipping or
gaseous treatment. Levels of 4000 ppm or 4% SO, should be
adequate with treatment times commensurate with piece size.
Pretreatment before drying 1s necessary.

Air-drying is only sufficient to produce a high-moisture
product with poor storage stability from this high-solids
material, so that air/vacuum-drying becomes the method of
choice for a stable, low-moisture product., This drying pro-
cedure, unless greatly prolonged, weuld probably have to be
supplemented by bin-drying with desiccated air or by in-package
desiccation to reach the desired stability under severe storage
conditions, but this was not i1nvestigated.

4.64 Summary of Recommendations - The recommended processing
orocedures for the three products included in this study are
summarized in the following table:

Drying Sulfite Desic- under Stability
Method treatment cation N, at 100°F
Cherry air/vacuum- interstage Yes Yes poor
dry with 4% 502
Pepper freeze-dry optional No Yers fair-good
Apple alr/vacuum- pretrecatment  Yes Yes ?
dry by gas (4%)

or dip {4000
ppm, as NaHS0,)
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PART II - SULFITE ANALYSIS

4.7 EXPERIMENTAL PROCEDURE

The methods for SO, analysis described here were based
upcen the procedure of Ripper (1892) in which solid products
were macerated and extracted with salt solutions., Comparisons
between the "free" SO, determined by 1odine titration and a
new purge-colorimetrié procedure described herc for the first
time were made ucing both model systems and dehydrated products.

.71 Model SOZ e Agueous solutions of 50, were

grepared in 0.025 M phosphate buffer with sodium biSulfite and
stabilized against oxidation with ethylenediaminetetraacctic
acid (EDTA) (0.001mM).

Phosphoric acid (25%) was used to adjust the pH of both
agucous seolutions and extracts of dehydrated preoducts. Model
systems of "free" and "bourd” S0, were generated by adding
known ameounts of acetaldehyde to“the S0, solutions.,

4,72 Preparation of Extracts - Ixtracts of dehydrated red
tart cherries and peppers were prepared by adding water to
dehydrated fruit to yield a sample equivalent to 100 g fresh
weight, 10 ml of 0.5 M tartrate buffer pH 4.5 and 490 mls of
aqueocus sodium chloride (20% by weight) to a Waring blender.
After blending for 5 min, this material was filtered thru 4
layers of cheesecloth and SO analysaes were performed on these
extracts within 4 hrs.

A IZ ik All iedine titrations were done using 50-

ml sampies in 125~-ml Erlenmcyer flasks, 0.02N iodine solutions
standardized with 0.1 N sodium thiosulfate, and 1 ml of 1%
srarch solution as an indicator. Burcttes with 0.05-ml
graduat:ions were used to give a nominal accuracy of + .02 mi.
Reproducible and reliable endpoints w«~rc achieved by “completing
cach tritration within 15 to 30 sec.

"Free" S0, was deternined by adding 6N HC1l to each sample
to stabilize the bound SO. before titrating. The amount of
acid required was found t§ vary from one sample to anothcr and
the best results were obtained by adding sufficient HCLl to
vield a sample with pH 1.0. Tctal 80, was detcrmined by first
adding 2 mls of 1 N sodium hydroxide, waiting 30 seconds for
the conversion of "bound" to "free" 50,, then adjusting to pH
i with 6N HCl becfore titrating with 1odine. In order to
dispel any d:ssolved oxygen a pinch of sodium bicarbonate was
added beforc the iodine was added.
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In titrating the extracts of the dehydrated products it
was necessary to use a blank to determine the amount of
iodine consumed by constituents other than S0.,. These blanks
were found to be the sources of much of the discrepancies in
the iodine trations discussed later in this report. Blanks
were made by adding 1 ml of 40% formaldehvde to a duplicate
sample and waiting 10 minutes before titrating with iodine.
The formaldehyde presumably binds all available S0,, and
subtracting the number of mls of iodine consumed ifi this
titration from the titration without iodine yields the net I,
consumed only by the 50, in the sample.

4.74 Purge-Colorimetric Procedure - The purging of the SO
from the samples was accomplished using the apparatus showin
in figqure 4.74.1. This apparatus consists of: (A) a gas inlet
controlled with a needle valve, B) a sample chamber, C}) an
acid reservoir, D) an absorption chamber, E) a manometer and
F) a vacuum source controlled with a needle valve. The
analysis was performed by placing a 10-ml ampile containing
between 1 and 100 mg of SO, in the sample chamber. In the
absorption chamber was placed 5 ml of 0.001 M 5,5'-dithiobis
(nitrobenzoic acid) (DTNB) in 0.025 M sodium potassium phos-
phate buffer at pH 6.8 and an additional 15 mls of phosphate
buffer. The acid reservoir was filled with 25% phosphoric
acid (wt./wt.). The needle valves on the vacuum source (a
water aspirator) and the gas supply were adjusted to yield

a gas flow of 0.75 1. min and a pressure of 12 mm Hg in the
system. Both helium and nitrogen were used as a purging gas
with equal reliability. Even air in the laboratory will
suffice if it is free of S0, contamination. Although the use
of air eliminates the need %or a gas cylinder and regulator
and greatly simplifies the apparatus, this was not done in
the experiments reported here, because of the possible con-
tamination by 50, frequently present in the atmosphere of this
laboratory. Theni, 5 mls of acid was drained from the acid
reservoir into the sample chamber and the purging continued
for 2 min. After shutting off the vacuum source and allowing
the pressure to come to atmospheric, the optical density of
the absorption solution was measured at 412 nm. A standard
curve prepared;using this system and a sodium bisulfite
solution-standardized by iodine titration is shown in figure
4.74.2. Using the slope of this line (73.3 ug/0.D.} the

. 80, in the sample was calculated using the following equation:

502 Im ppm = (73.3] &= OD412)/(mls of sample)
Because of the sensitivity of this analysis, the maximum S0

concentration which could be analyzed in a 10-ml sample of
extract was 10 ppm. However, by diluting samples high in
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Fig. 4.74.1- Apparatus used to purge SO

from sample solutions 2

P

A) a gas inlet controlled with a needle valve
B) a sample chamber

C) an acid reservolir

D) an absorption chamber

E) a manometer

bﬂ’

F) a vacuum source controlled with a needle valve,
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Fi3. 4,74.2 A standard curve for the pur?ing
procedure showing the optical density
at 412 nM versus the ug of 502 in a
10-m1 sample
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50, with water, buffer or the solvent used for extraction,
saﬁples with a S0, concentration of as high as 5,000 ppm were
analyzed.

4.75 Statistics - THe only statistical procedure used was a

simple linear regression analysis for comparisons of the
results of the two methods of SC-2 analysis.




4.8 RESULTS AND DISCUSSION

The emphasis in the research repcrted here was on the
examination of rapid, reliable and meaningful methods for the
analysis of “free" S0, in natural products. Total SO, was
determined to give in%ormation about the two methods of "free"
50, analysis studied. The concern for "free" 80, determina-
ti%ns resulted from the assumption that the "free" S0, present
in a food product is that form of So2 responsible for™the
preservation action of 502.

Most methods for the analysis of free S0, can be roughly
divided into threce phases. First 1s the macération and
extraction of solid samples to produce solutions or extracts
which are common to all analytical procedures for SO.,.
Certainly considerable douvbt exists about the relatilnship
between the "free" SO, determined in these extracts and
the "functional" stat& of th= 502 in the solid samples from
which they were extracted. This®is particularly true for
dehydrated food products which are extremely low in moisture.
Unfortunately, a study of this phase of the analysis was be-
yond the scope of the work reported here. Sccondly, "free"
50, determinations involve a procedure for the isolation of
"ffece" S0, either chemically by the addition of acid vro
stabilize®“the bound or physically by distillation or purging
to remove the SO, from interfering compcnents in the sample.
The final phase Involves a chemical oxr physical procedure
for quantitating the "“free" S0,. The discussions which Iollow
are concerned with the las® tw% phases of "tfree" S0, analysis
as they are defined by two analytical procedures, direct
iodometric titratien and a purge-colorimetric procedure which
is being reported here for the first time.

4.81 Effect of pH on I, Titrations _ Prater et al. (1944)

reported that pH has an effect on the amount of iodine required
to titrate an acetone blank, and further that optimum results
were achieved when the blanks were titrated be! 2n pH 2-3.
These workers recommended that because the amount of acid
required to achieve this range differs for cach commodity

the amount of acid should be determined for each commodity
tested. Figure 4.81.1 shows the results of titrating a stan-
dard S0, solution with and without formaldehydre at different
pH's in"the range of plt 0.2 to pl{ 2.0. Clearly, titratinjg
formaldehyde blanks below pH lyields results which are
entirely too high, and acceptable results can only be achieved
in the range of pli 1 to 2., Similar cxperiments using cherry,
pepper, or apple filtrate containing a standard amount of

S0, indicate that the optimum pH for these products 1s very
close to pH 1 (figures 4.81.2-4). Thercefore, all analysis 1in
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Figure §.81.1 A plot of the mls, of ,02N Jodine required to
titrate 180 ppm SD2 phosphate buffer selution
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Figure 4.81.2 A plot of the mls. of .02N Iodine required to
titrate a dehydrated cherry filtrate.
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Figure 4.81.3 A plot of the mls. of .02N Iodine required to
titrate a dehydrated pepper filtrate
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Figure 4.81.4- A plot of the mls. of .02N lodine required to
titrate a dehydrated apple filtrate
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this study were performed by determing the amount of acid
required for each product which yields a pH of 1 before
titration, not by adding a set amount of acid as is recommended
in the method of Ponting and Johnson (1945).

4.82 Acetaldehyde - SO2 Soluticns as a Model for "Free" S0,

Determinations

The theory of "free" and "bound"” S0, is based upon the
idea that S0, will combine with certain &onstituznts of a
complex natural product and produce a chemical complex or
compound which cannot function as an antioxidant. Only the
unbound or "free" SO, can protect the product from oxidation.
Because SO, will reaCt stoichiometrically with acetaldehyde
to produce”an o~hydroxy sulfonic acid, it was used as a
model compound for "bound" S0.,. Using solutions of known SO
and acetaldechyde content the ability of the iodometric and
purge-colorimetric methods to measure "free" SO, was examined.
Figure 4.82.1 shows the percent recovery of SO, from a
standard 50-ppm SO, solution at different mola¥ ratios of
acetaldehyde to SO.. Theoretically, at a molar ratio of
acetaldehyde to S0, of zero, 100% of the S0, present should
be determined as "free". At a molar ratio of one, no free
S0, should be present. ‘this is more or less the case for
S0, concentrations above 5 ppm. However, below 5 ppm 802 the
reSults deviate somewhat from the theor, . Thus, free SO, in
this svstem would be defined as that SO. which 1s in moléar
excess of the acctaldehyde 1in the system and both methods of
analysis are equally effective for determining this "free"
SO0.,. The two advantages that the purge~colorimetric method
ha8 over the iodine titration method arc the ability to
measure "free" SO, as low as 0.1 ppm and *he lack of inter-
ferences due to tﬁe presence of pigments and reducing substance
other than SO.. Figure 4.82.1 shows the high degree of
correspondencé between these two methods in the acetaldehyde
SO2 nodel system.
4.83 Discrepancies betwecen the Two Methods Using Cherrics

and Peppers

The high degrec of correlation observed between tae
results obtained by iodine titration and the purge-colori-
metric methods using a model system was not found when these
methods were applied to cdchydrated cherries and peppers.

For example, the linear regression cqguation obtained for the
analysis of 140 samples of red tart cherries was:

FP = 1.67 FI - 3,70, r=0.989
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Fig. 4.82.1 Shows the % recovery of SC, from a S0-ppm SO, solution
vontaining acetaldehyde ve;sus the molar rat?o of
acetaldehyde to 502.
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Fig. 4.82.2 Shows the % recovery of S0, using the colori-
metric-purging method versfis the % recovery of
S0, using the Iodine titration method. These
sotutions contafned different ratios of
acetaldehyde to 502.
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where FP is the "free" S0, determined by the purge method,

FI is the "free" S0 detegmined by iodine method, and r 1s

the correlation coegficient. For the two methods to corres-
pond the slope of this line should bhe very nearly one, the
intercept should be zero and the r should be very close to
one. The r value of 0.58% indicates a highly linear relation-
ship between the two methods and the intercept of -3.7 ppm
S0,, although poor, is sufficiently close to zero to be
acceptable. However, the slope of 1.67 indicates that the
purge method will give results which are almost 70% higher
than those obtained by titration. The origin of this devia-
tion can be seen in the comparison of "free" and total SO..

' One can predict that in a natural product such asz cherrie§

the amount of "bound" $0, should be approximately the

same in all 140 samples %ested. This would imply that the
linear regression eguation comparing "free" and total S0, (TI}
would have a ,lope of one and intercept equal to the negdtive
of the average "bound" S0, of all the samples., The eguation
obtained using the purge %ethod,

FP = 0.940 TI - 4.53, r = 0.583,

has a high degree of linearity (r = 0.993) and a slope of very
nearly one {only 6% below expectation)., Alse¢, the 4.5 ppm
average "bound" SO, seems acceptable. However, the equation
obtained with data“from the iodine titration method,

FI = 0.557 T1 - 0.347, r = .982,

has a slope which is almost 50% below expectation and an
intercept which implies a "bound" S0, of less thar 0.4 ppm at
the origin. What is more disturbing®is that the "bound" S0,
as defined by the iodine titration method increases with
increasing total 502!
To further support ti:is interpretation of the differences
between the two methods for the analysis of "free" S0,, a
single uniform extract of dehydrated cherries which wds less
than 5 ppm SO, was divided into several identical fractions
and different”amounts of SO, were added to each one. Certainly
the amount of SO, binding m%terial in each of these should be
the same and as Encreasing amounts of S0, was added tc
successive samples the "free" $0, should®remain zero until
all the SO, binding material has“been consumed. Then the
concentrations of the "free" S0, should increase parallel to
the increase in the amount of 86 added. Thus, at all times
would the difference hetween the“total 50, added and the "free"
SO2 determined be equal to the "bound" SO2 present in the

i3
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sample. This is an experimental Gescription of what has been
generally accepted as the essential concept of "free", "bound"
and total SO,. Figure 4.83 shows 7 plet ¢f the amount of

S0, added verPsus the amount of "free" S0, found using both
me%hods of analysis. Here again the cur%e for the purge-
colorimetric procedure yields data which are essentially
parallel to the line for the total amount of SO, added (above
about 30 ppm), whereas the iodine titration metfiod yields a
curve which is neither very linear nor even pacallel to the
total S0, added. It should also be noted that even the purge
proceduré does not give theoretical results belcw 30 ppm 502.

Similar results were obtained with dehydrated green bell

peppers as can be seen in the set of linear regression egua-
tions below.

FP = 1.080 FI - 12.2, r = 0,997
FPp = 1.012 TI - 42.0, r = 0.991
FI = 0.931 TI - 25.8, r = 0.988

Here again the intercepts in the last two equations indicate
that the "bound" S0, as determined by the iodine titration
method is significantly less (26 ppm) than that obtained from
the purge-colorimetric method (42 ppm).
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4.9 CONCLUSIONS AND RECOMMENDATIONS

In spite of the fact that the work reported here in-
dicates some improvements in the use of direct iodine titra-
tion for the determination of "free $0,", the inconsistencies
resulting from its applicatioun to dehyarated cherries shed
some considerable doubt on its reliability. However, the
purge colorimetric procedurz seems to be not only reproducible
but consistent with the present concepts of "free" and
"hound"” 302 both in model systems and natural products.

When acetaldhyde is the SO, binding substance in a
solution, the direct icdine titTYation method is consistent
with the theory of "free" S0,. However, there obviously
are SJ, binding substances in charries and t» some extent
pepperS which interact with the iodine titration to produce
data inconsistent with a simple concept of "free" and "bound"
§0,. This in itself would not be sufficient reason for the
abdndonment of iodine titrations for the determination of
"free" 80,. It could as justifiably be concluded that the
presently "accepted concept of "free" S0, requires revision.
However, the fact that the purge~colorimetric method is
theoretically consistent implies that the direct iodometric
titration of "free" SO, in certain natural products may
yield meaningless resuits.

The single most impor.ant recommendation that can be
made for the direct iodometric titration of "free" SO, is
to insure that the pH of the sample is in the range og 1 o
2 before titration, The table below is provided to allow a
direct comparison between the two methods examined in this
study.

Direct Purge
Method Lodine titration colorimetric
Simplicity very simple very simple
Reprcducibility + 3% + 5%
Cost of eguipment $200 to $500 $1,000 to 1,500
Time and effort 10-15 samples/hr 10-15 samrples/hr
Compatibility w/theory poor good

The advantages of the purge-colorimetric procedure over
direct iodire titration are reliability, freedom from
interferences due to pigments, and greater sensitivity.

The only advantage of the ilodine titration method is its
low initial cost for equipment,
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4A.1 GLOSSARY OF CODES, ABBREVIATIONS, AND TERMS.

AR Y

Modes of dehydration:

T,

g AD = air-dried
AV = air/vacuum-dried - partially air-dried and then
completed by vacuum-drying
FD = freeze-dried

Storage milieu:

under N2 with desiccant temperature
- x = 3R *F
AR x X - 35°F
B x 100°F
& X X 100°F
D X 100°F
Av., = average = arithmetic mean

foe
i

Hunter color (difference meter parameters for redness or,
if negative, for blueness (or less directly, greznness}

L = Huntor parameter for brightness or reflectance
na = data not available {missing}

= no experimental data, or not applicable

NT = no (502) treatment

w/d.= packaged with desiccant

wo/d. = packaged without desiccant

W.R. = weight reduction, or moisture removed in drying

bulk density = the weight of a given volume of particulate
material

bulk volume = the volume occupied by a given (drained) weight
of particulate material
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.2 DESCRIPTIVE TERMS CORRESPONDING 10 TEN-POINT HEDONIC SCALE

as used in subjective evaluation of dried cherries, 1971

EXTERIOR COLOR

excellent

very good
good, sl. bleached
good, sl. dark or brown
dark red, some brown

dark red w/brown or black
mostly brown, some red
brewn

brown-black, mostly black

black

TEXTURE (RELATIVE DRYNESS)

crisp
mostly crisp

crisp: hard, not
crisp

nearly
giite

tough, not hard
sl. soft but still tough
mod. soft

soft and sticky

very soft and moist
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INTERIOR COLOR

bright yellow, including
pit cavity

mostly bright yellow
yellow, w/brown pit cavity
yellow, sl. brown

mostly light brown

mod. yellow-brown

intense yellow-brown
mostly brown

dark brown

black

FLAVOR OR ODOR

excellent, cherry-like
good, normal cherry, no ox.

good, some cherry, no ox.

faint cherry
neutral

off-flavor, not ox.
sl. oxidized

moderately oxidized

pronounced oxidation




Table No.

4A. 3 COMPLETE SUMMARY OF EXPERIMENTAL DATA IN TABULAR FORM

Title

4A.3.01

4A.3.02

4A.3.03
4A.3.04
4A.3.05
4A.3.06
4A.3.07

4Al3008

4A.3.09
4A.3.10
4A.3.11
4A.3.12
4A.3.13
4A.3.14
4A.3.15

4A.3.16

4A.3.17

Bl S e L)

4A.3.18

Gl e

Summary of experimental variables during SO
treatmeat und dehydration: Air-dried chekries.

Residual sO, (free and total) in cherries during
air-drying.

Evaluation of Air-dried Cherries:
Headspace Oxygen, %
Hunter a (Redness)
Hunter L (Brightness)
Moisture, %

Free SO, residual after six-month's storaye

Free (purged) SO, residual after six-month's
storage

Total 502 residual after six-month's storage
Recovery, %
Bulk volume, ml/g
Texture {Instron), kg
Exterior color (subjective)
Flavor or odor (subjective)
Relative dryness (subjective)
Summary of experimental variables during SC
treatment and dehydration: Air/vacuum-dr%ed

cherries.

Residual S0, (free and total) in cherries
during ai%/vacuum-drying.

Evaluation of Air/vacuum-dried Cherries

Headspace Oxygen, %
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4A.3.19 Hunter a (Redness)

4A.3.20 Hunter L (Brightness)

4A.3.21 Moisture, %

47.3.22 Free SO2 residual after six-month's storage

4A.3.23 Free (purged) 50, residual after six-month's
storage

47.3.24 Total 802 residual after six-month's storage

4A,3.25 Recovery, %

4A.3.26 Bulk volume, ml/g

4A.3.27 Texture (Instron}, kg

4A.3.28 Exterior, color (subjective)

4A.3.29 Flavor or odor (subjective)

4A.3.30 Relative dryness (subjective)

4A.3.31 Summary of experimental variables during 50

treatment and dehydration: Freeze-dried
cherries.

4A.3.32 Residual 50, (free and total) in cherries
during %reeze-drying.

Evaluation of Freeze-dried Cherries:

4A.3.33 Headspace Oxygen, %

4A.3.34 Hunter a (Redness)

4A4.3.135 Hunter L (Brightness)

4A.3.36 Moisture, %

4A.3.37 Free So2 residual afte. six-month's storage

4A.3.38 Free (purged) SO2 residual after six-month's
storage

Total SO2 residual after six-month's storage
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4A.3,40
¢ 4A.3.41
: 4A.3.42
4A.3.43
4A.3.44
4A.3.45
4A.3.46

4A.3.47

4A.3.48

4A.3.45

4A.3.50

4h.3.51

4A.3.52

47A.3.53
4A.3.54

4A.3.55

44.3.56

Recovery, %
Bulk volume, ml/g.
Texture (Instron), kg
Exterior color (subjective)
Interior color (subjective)
Flavor or odor (subjective)
Relative Dryness {(subjective)
Summary of experimental variables during SO
treatment and dehydration: Air-dried and Rir/

vacuum-dried green bell peppers (1971 pack).

Evaluation of aAlr-dried and air/vacuum-dried
Green Bell Peppers:

S0, residual before and after storage, and bulk
density

Color measurement after six~month's storage

Ratinas of color and odor after six-month's
storage

Summary of experimental variables during SO,
treatment and dehydration: Vacuum-dried afid
freeze-dried Green Bell Peppers (1971 pack).

Evaluation of Vacuum-dried and Freeze-dried Green
Bell Peppers:

s0, residual befcre storage, bulk density, and
0, in container after storage.

s0, residuals after six-month's storage.
Color measurement after six-month's storage

Ratings of cclor and odor after six-month's
storage

Evaluation of dried green bell peppers after six-
month's storaygye at 100°F (1970 pack)
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4A.3.57 Evaluatior. of dried apples before storage
{1970 pack)

4A.3.58 Dehydrated apple dices, air-dried and air/
vacuum-dried (1971 pack)
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